Defense of all multicellular organisms from invading micro-organisms depends on evolutionarily conserved systems that recognize and respond to highly conserved and unique microbial structures. The innate immune systems of the host include a broad array of proteins that couple microbial recognition to activation of inflammation, killing and elimination of microbes and their remnants, induction (in vertebrates) of adaptive immune systems and eventual return of the host to a normal resting state.
For decades, studies of endotoxin have played a pivotal role in developing concepts concerning the identity and functioning of innate immune systems. Intense efforts continue to define better the molecular bases of innate immune recognition of endotoxin and how endotoxin recognition is appropriately coupled to diverse host effector systems, as needed for an integrated host response to invading Gramnegative bacteria. Progress in the analyses and chemical synthesis of complex glycolipids, such as endotoxin, and in genomics has led to a far greater appreciation of the biological diversity of endotoxins, including within the relatively conserved lipid A region, and of the impact that even very discrete changes in structure can have on innate immune recognition and function. Vigorous debate continues regarding the structural and mechanistic bases of endotoxin presentation and recognition that determine agonist (or antagonist) properties of various endotoxin species. The complex physical chemistry of endotoxins and their ability to exist both as water-insoluble constituents of the Gramnegative bacterial outer membrane and of purified lipid aggregates and as water-soluble complexes with specific host proteins helps to explain the persistence and difficulty of this puzzle. These mechanistic issues aside, evidence has accumulated indicating that differences in endotoxin structure, either constitutively produced or induced through remodeling reactions triggered by specific environmental cues, accompany and may help determine differences in host-Gram-negative bacteria interactions that favor bacterial survival and multiplication. The possibility that similar principles may apply to intracellular persistence of algae within amoebae raises unexpected and intriguing questions concerning the biological boundaries of endotoxin-like molecules.
Remarkably, studies of endotoxin have also spurred the discovery of innate immune recognition systems directed at other conserved microbial products. The discovery of the Toll-like receptor (TLR) 4 as a key element in sensitive host responses to Gram-negative bacteria and endotoxin led to the discovery of many other mammalian TLRs that are now recognized as important in a wide range of microbial infections through response to bacterial lipoproteins and lipopeptides, lipoteichoic acids, flagellin, CpG DNA and viral ssRNA and dsRNA. The existence of multiple host endotoxin-binding proteins, sharing at least to some extent the ability to bind endotoxin but linked to different effector functions, helped direct the search and discovery of other families of microbe-binding proteins (e.g. the peptidoglycan-recognition proteins [PGRPs]). Thus, functional diversification of innate immune systems has been accomplished both by evolution of host molecules with overlapping effector functions coupled to different ligand recognition (e.g. the TLRs) and proteins with overlapping ligand recognition coupled to different effector functions (e.g. various endotoxin-binding proteins, PGRPs, 'mannose'-binding proteins and other lectins). Ironically, the search for systems recognizing intracellular (i.e. within host cytosol) endotoxin, hypothetically important during intracellular (rather than extracellular) Gram-negative bacterial infection led to the discovery of the Nods that respond to metabolites of Gram-negative bacteria and Gram-positive bacterial peptidoglycan but not to endotoxin. Equally surprising and ironic, Drosophila -the organism in which Toll was first discovered and hence, spiritually the parent of TLR4also seem much better equipped to respond sensitively to peptidoglycan and its metabolites than to endotoxin. These findings underscore the importance of innate immune recognition systems that are directed at microbial products other than endotoxin. In the case of the various TLRs, the extent to which these receptors have a direct role in ligand recognition or, as TLR4, depend on other extracellular and cell surface proteins for ligand presentation and modulation of ligand-dependent signaling, remains to be determined. The extent to which different recognition systems are linked to distinct, ligand-specific effector responses and help specify host responses to specific microbial challenges -as in Drosophila -is also a work-in-progress. The existence of multiple adaptor proteins for TLR4 and the activation of TLR2 by certain 'unconventional' endotoxin species suggest that substantial diversification of endotoxin-triggered host signaling is likely. The multiplicity of microbial products (signals) and innate immune recognition systems that are likely engaged during any given infection imply that deciphering the integration of host responses during infection will be a daunting challenge.
Studies on endotoxin have long illustrated the continuum between clinical observation and underlying biological knowledge. Clinical problems and puzzles have and continue to provide an important source of new questions and concepts that stimulate new investigation and discovery. Conversely, progress in 'basic science' has provided new concepts that potentially can be translated to improved diagnosis, management and prevention of disease. Improved understanding of endotoxin structure and function has led to new views on the pathophysiology of host-Gram-negative bacteria (endotoxin) interactions and new approaches to disease monitoring, management and possible prophylaxis. Studies on host responses to endotoxin have also underscored the fine line separating physiological responses and pathological sequelae, a fundamental concept not only in infectious diseases but much of medicine. The multiplicity of innate immune systems is important in helping to direct host responses to diverse microbial challenges and also form an essential part of complex host-parasite interactions that help shape the context in which host-endotoxin interactions occur.
Accordingly, the theme of the 8th Biennial Conference of the International Endotoxin Society was: Endotoxin and beyond: basic and clinical concepts in innate immunity. This theme encapsulated well the focus of the conference that will be reflected in the brief reports, reviews and commentaries that follow in this and succeeding issues of this journal. The theme also reflected well the broadening scope of the society, recognizing both the continuing role of endotoxin research in the development of fundamental concepts of hostmicrobe interactions and the evolving appreciation that the physiological and pathological consequences of these interactions take on their full meaning only in the context of other host-parasite interactions.
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